Background: Depressive disorders are frequently under diagnosed in resource-limited settings because of lack of access to mental health care or the inability of healthcare providers to recognize them. The Patient Health Questionnaire (PHQ)-2 and the PHQ-9 have been widely used for screening and diagnosis of depression in primary care settings; however, the validity of their use in rural, Spanish-speaking populations is unknown. Method: We used a cross-sectional design to assess the psychometric properties of the PHQ-9 for depression diagnosis and estimated the sensitivity and specificity of the PHQ-2 for depression screening. Data were collected from 223 adults in a rural community of Chiapas, Mexico, using the PHQ-2, the PHQ-9, and the World Health Organization Quality of Life BREF Scale (WHOQOL-BREF). Results: Confirmatory factor analysis suggested that the 1-factor structure fit reasonably well. The internal consistency of the PHQ-9 was good (Cronbach's alpha > = 0.8) overall and for subgroups defined by gender, literacy, and age. The PHQ-9 demonstrated good predictive validity: Participants with a PHQ-9 diagnosis of depression had lower quality of life scores on the overall WHOQOL-BREF Scale and each of its domains. Using the PHQ-9 results as a gold standard, the optimal PHQ-2 cutoff score for screening of depression was 3 (sensitivity 80.00%, specificity 86.88%, area under receiver operating characteristic curve = 0.89; 95% confidence interval [0.84, 0.94]). Conclusion: The PHQ-2 and PHQ-9 demonstrated good psychometric properties, suggesting their potential benefit as tools for depression screening and diagnosis in rural, Spanish-speaking populations.
Ethics, Consent, and Permissions
The protocol received ethical approval from the Institutional Review Board (IRB) of the Harvard Medical School Office of Human Research Administration and the Tecnologico de Monterrey School of Medicine IRB. All participants provided verbal informed consent.
Measures
Sociodemographic characteristics. We assessed ability to read and write and financial situation, a proxy for socioeconomic status (SES), via self-report. (Spitzer et al., 1999) . The PHQ was developed to make a criteria-based diagnosis of major depressive disorder. The PHQ-9 comprises nine items that evaluate the presence of the nine Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition, Text Revision (American Psychiatric Association, 2000a ) criteria for major depressive disorder in the previous 2 weeks. Each item of the PHQ-9 is rated on a 4-point scale, ranging from 0 (not at all) to 3 (nearly every day), for a total score ranging from 0 to 27. Higher scores indicated an increased severity of symptoms and an increased likelihood of major depressive disorder (Kroenke, Spitzer, & Williams, 2001) . Questionnaires with up to two missing values are scored, replacing any missing values with the average score of the completed items (Kroenke, Spitzer, Williams, & Löwe, 2010) .
PHQ-9
Cutoffs of 5, 10, 15, and 20 represent mild, moderate, moderately severe, and severe levels of depressive symptoms, respectively (Kroenke et al., 2010) . A cutoff of 10 or greater has been described as diagnostic in systematic reviews and meta-analysis of the PHQ-9 (Kroenke et al., 2010; Manea, Gilbody, & McMillan, 2015) and was used as the cutoff for a diagnosis of depression in the present study.
A final item assesses the perception of social, functional, and occupational impairment caused by the symptoms examined by the PHQ-9. Participants rate how difficult their depressive symptoms made it to do their work, take care of things at home, or get along with other people, with four possible responses: not difficult at all, somewhat difficult, very difficult, and extremely difficult. We used the official Spanish translation of the PHQ-9 (Spitzer et al., 2014) .
PHQ-2 (Kroenke, 2003) . The PHQ-2 comprises the first two items of the PHQ-9 and evaluates the frequency of depressed mood and little interest or pleasure in doing things over the past 2 weeks. Items are rated on a 4-point scale, ranging from 0 (not at all) to 3 (nearly every day), for a total score ranging from zero to six (Kroenke et al., 2010) . A cutoff of 3 or greater has been found to have the greatest sensitivity and specificity for screening of depression .
The WHO Quality of Life BREF (WHOQOL-BREF) assessment instrument. We used the WHOQOL-BREF to assess QOL (Harper, 1996) . This scale is an abbreviated 26-item version of the WHOQOL-100 and comprises items that were extracted from the WHOQOL-100 field trial data (Harper, 1996) . The WHOQOL-BREF has one item from each of the 24 facets of QOL included in the WHOQOL-100, plus two items from the general facet on overall QOL and general health. The facets are subsumed in four domains: physical health, psychological health, social relationships, and environment. The scores for each of the domains are transformed on a scale from 0 to 20, to enable comparisons to be made between domains composed of unequal numbers of items. A higher score for the WHOQOL-BREF scale reflects a higher level of functioning and QOL (Harper, 1996) .
The WHOQOL-BREF instrument has proved to be reliable and valid for assessing QOL among diverse Spanish-speaking populations, and its psychometric properties have been shown to be similar to those of the English version (Colbourn, Masache, & Skordis-Worrall, 2012; Espinoza, Osorio, Torrejon, Lucas-Carrasco, & Bunout, 2011; Lucas-Carrasco, Laidlaw, & Power, 2011; Lucas-Carrasco, 2012) .
Data Collection
Seven medical students visited 152 households as part of a programmatic census and active casefinding activity, and they invited all eligible adult residents to participate in the study (N = 250). Eligible participants were those who were 18 years or older, resided within the study catchment area, and were native-Spanish speakers. The students informed the potential participants about the study and asked for verbal informed consent. After obtaining informed consent, the medical students conducted a face-to-face interview using the PHQ-2, the PHQ-9, and the WHOQOL-BREF assessment questionnaires. A total of 223 (89%) people completed the interview. Those items that were not answered or understood by the participants were computed as missing data.
Participants with a PHQ-9 score greater than 9 and those who reported self-harm ideation or attempts were referred to the clinic for further evaluation by the local physician. Additionally, in a random subset (10%) of participants with a PHQ-9 score greater than 9, a local psychiatrist, blind to the PHQ-9 results, conducted a second depression evaluation using the Hamilton Depression Rating Scale (Hamilton, 1960) and clinical criteria.
Data Analysis
We excluded eight participants with more than two missing values in the PHQ-9. We conducted confirmatory factor analyses using weighted least squares and compared goodness of fit statistics between a one-factor solution and two two-factor solutions proposed for Mexican women and a United States-based population, including Latina women, respectively (Familiar et al., 2015; Granillo, 2012) . Model goodness of fit was assessed using the comparative fit index (Bentler, 1990 ) and the Bentler-Bonnet non-normed index (Bentler & Bonett, 1980) . Values > 0.90 for these indices indicate acceptable fit. We also examined root mean square error of approximation RMSEA, for which a value < 0.08 indicates an excellent model fit. Finally, we examined factor loadings under each solution and their statistical significance.
Once we identified the optimal model, we assessed internal consistency of the PHQ-9 in the study population and across subgroups defined by gender, literacy, and age, using the Cronbach's alpha coefficient. We assessed predictive validity in two ways. First, we compared WHOQOL-BREF domain scores among participants with PHQ-9 scores greater than 9 and less, or equal to 9 and tested for differences using Wilcoxon rank-sum test. Based on previous research studies ( Andriopoulos et al., 2013; Papakostas et al., 2004; Pyne et al., 1997) , we anticipated that the median WHOQOL-BREF scores for the overall scale and each of the domains would be lower for participants with a PHQ-9 score greater than 9.
Second, we conducted univariable logistic regression analysis to evaluate the association between sociodemographic characteristics and a PHQ-9 diagnosis of depression. Based on prior studies, we hypothesized that the presence of depression symptoms would be more common among women than men, and among those with lower SES compared to those with higher SES (Andrade et al., 2003; Andriopoulos et al., 2013; Belló et al., 2005; Bromet et al., 2011; Popoola & Adewuya, 2012; Rancans, Vrublevska, Snikere, Koroleva, & Trapencieris, 2014; Slone et al., 2006) . After establishing the validity of the PHQ-9, we assessed the sensitivity, specificity, and positive and negative likelihood ratios of the PHQ-2 as a screening instrument, using the PHQ-9 as a gold standard. We used receiver operating characteristic (ROC) curve analysis to find the optimal PHQ-2 cutoff for depression screening. Statistical significance for all tests was determined at a p-value < 0.05. We computed descriptive and analytic statistics of the quantitative data obtained in this study using STATA (version 13.1). Table 1 shows the sociodemographic characteristics of the study population. Of the 215 participants included for analysis, 152 (71%) were women. The mean age of the participants was 38 (standard deviation [SD] 16) years, and 21% of the participants were unable to read or write. Agriculture was the main economic activity for 90% of the participants, and 48% of the participants reported not having enough money for basic expenses. Ninety-one percent had access to at least one social program, including Seguro Popular, a health insurance program, and Oportunidades, a conditional cash transfer program.
Results

Sociodemographic Characteristics
PHQ-9 Scores, Scale Comprehension, and Follow-Up
For the 215 participants, the overall mean PHQ-9 score was 6.29 (SD 5.47) . A total of 65 (30.2%) participants had a PHQ-2 score equal to or greater than 3. A total of 55 (25.6%) participants had a PHQ-9 score greater than 9: 35 (63.6%) participants had a PHQ-9 score between 10 and 14, 13 (23.6%) between 15 and 19, and seven (12.7%) greater than 20, corresponding to moderate, moderately severe, and severe depression, respectively. Of the 55 participants with a PHQ-9 score greater than 9, eight (14.5%) had a previous diagnosis of depression and were already receiving treatment at the local clinic. The remaining participants were referred to their local clinic for follow-up, 35 (63.6%) of whom attended the appointment; 28 of the 35 (80.0%) received a confirmatory diagnosis of depression by the local physician. When the local psychiatrist conducted an additional evaluation in a random subset of seven (13%) participants with a PHQ-9 score greater than 9, she confirmed the depression diagnosis in all of them. Table 2 shows the distribution of responses to each of the PHQ-9 items and the proportion of participants who did not understand each of the items. Feeling tired or having little energy and feeling down, depressed, or hopeless were the most common symptoms, reported in 68% and 56%, respectively. Furthermore, 26% of the study population reported thoughts that they would be better off dead or of hurting themselves in some way in the previous 2 weeks, 9% of which reported having these thoughts on more than half the days. Six percent of participants reported not understanding item 1 ("Having little interest or pleasure in doing things") and/or item 8 ("Moving or speaking so slowly that other people could have noticed, or feeling so fidgety or restless that you have been moving around a lot more than usual"). Inability to read or write was positively and statistically significantly associated with not understanding item 1 (p-value = 0.03) and borderline positively associated with not understanding item number 8 (p-value = 0.05). Note. SD = standard deviation. a Unless otherwise specified.
Confirmatory Factor Analyses
Results of confirmatory factor analyses are shown in Table 3 . For the one-factor solution, the comparative fit index indicated acceptable goodness of fit, with a value of 0.91; however, the value for the Bentler-Bonnett non-normed index was just below the threshold for acceptability (0.88). All factor loadings were statistically significant at a level of < 0.001, and all but one factor loading (item 1, "Having little interest or pleasure in doing things") indicated moderate (> 0.40) association with the factor. With regard to the two-factor solutions, results for each were nearly identical to the one-factor solution, and the factors within the two-factor solutions were highly correlated (0.92) for both models. Given that neither of the two factor solutions appeared to improve fit, relative to the single factor solution, all subsequent analyses were conducted based on the single-factor solution.
The two items with the highest factor loadings in the confirmatory factor analysis were item 2 ("Feeling down, depressed, or hopeless") and item 9 ("Having thoughts that you would be better off dead or of hurting yourself in some way"). The two items with the lowest factor loadings were item 1 ("Having little interest or pleasure in doing things") and item 8 ("Moving or speaking so slowly that other people could have noticed, or feeling so fidgety or restless that you have been moving around a lot more than usual").
Reliability
The internal consistency of the PHQ-9 was good for both the overall PHQ-9 scores and each of the subgroups evaluated. The Cronbach's alpha coefficient was 0.81 for the overall PHQ-9; 0.85 for men and 0.80 for women; 0.81 for literate participants and 0.83 for illiterate participants; 0.80 for participants younger than 60 years of age and 0.90 for participants 60 years of age and older. Note. NNFI = Bentler-Bonnet non-normed fit index; CFI = comparative fit index. Table 4 shows the association between the PHQ-9 scores and the WHOQOL-BREF scores. The median WHOQOL-BREF scores for the overall scale and each of the domains were statistically significantly lower for the participants with a PHQ-9 score greater than 9, except for the social relationships domain, which was borderline significant (p = 0.05). PHQ-2 and PHQ-9 scores were positively correlated, with a Pearson correlation coefficient of 0.75. The univariable regression analysis (Table 5) showed that having a partner was significantly associated with a 64% reduction in the odds of having a PHQ-9 greater than 9 (p-value = 0.003). No other statistically significant associations between sociodemographic characteristics and a PHQ-9 score greater than 9 were found. However, although not statistically significant, not having enough money for basic expenses was associated with an increase in the odds of having a PHQ-9 greater than 9; while having children as well as access to services and social programs were associated with a reduction in the odds of having a PHQ-9 greater than 9. Table 6 shows the sensitivity, specificity, and positive and negative likelihood ratios of the PHQ-2 for depression screening. Using a cutoff of 3 and greater, the PHQ-2 had a sensitivity of 80.0%; Figure 1 . The receiver operating characteristic curve of the PHQ-2 for screening of depression.
Predictive Validity
Sensitivity and Specificity of the PHQ-2
specificity of 86.9%; and positive and negative likelihood ratios of 6.10 and 0.23, respectively. In ROC analysis (Figure 1 ), the PHQ-2 performed well in detecting participants with a PHQ-9 diagnosis of depression (area under the ROC curve was 0.89 (95% confidence interval [0.84, 0.94]). Given that with a score of 3 there was a balance between sensitivity and specificity, a PHQ-2 score of 3 was identified as the optimal cutoff for screening of depression. Using the sensitivity results of the PHQ-2, at a cutoff of 3, the estimated prevalence of depression was 20% for this study population.
Discussion
This study is the first report of the validity and reliability of the PHQ-2 and PHQ-9 as screening and diagnostic instruments for depression in rural Spanish-speaking populations in Mexico and elsewhere. Familiar and colleagues (2015) previously validated the PHQ-9 among educated women teachers in Mexico; we expand on their work to fill a knowledge gap regarding the generalizability of their findings and offer strong evidence for the validity and reliability of the PHQ-9 among men and less educated adults in rural Mexico. Specifically, our data support the notion of a one-factor structure for the PHQ-9 in this population. The internal consistency was adequate for the overall PHQ-9 and by subgroups. Predictive validity was supported by the statistically significant inverse association between PHQ-9 scores and the overall WHOQOL-BREF scores, and between the PHQ-9 scores and the scores of each of the physical, psychological and environment domains. These associations have been previously observed in primary care settings (Andriopoulos et al., 2013; Brenes, 2007; Papakostas et al., 2004; Pyne et al., 1997) . Predictive validity was also suggested by a positive association between a PHQ-9 score greater than 9 and a low SES (not having enough money for basic expenses), although this relationship was not statistically significant (p = 0.08)
In this study, the mean PHQ-9 score was 6.29 and the prevalence of a PHQ-9 diagnosis of depression among the participants was 25.6%. The Mexican teachers' cohort study, which used the PHQ-9 to assess female teachers for depression, reported a mean PHQ-9 score of 4.5 and a prevalence of a PHQ-9 diagnosis of 12.6% (Familiar et al., 2015) . This difference in depression prevalence may be explained by several factors. First, clinic physicians confirmed the PHQ-9 depression diagnosis in only 80% of people with a score greater than 9 who attended a follow-up visit. This underscores the critical role of clinical evaluation in conjunction with deployment of the PHQ-9. Second, participants in the teachers' cohort study differed from participants in the present study in that they were highly educated (73% with a university degree and 16% with a postgraduate degree) and tended to be well off (45% reported a medium SES and 20% high SES), suggesting the possibility of better access to mental health care. Of participants in the present study, 21% and 48% were unable to read and write and reported a low SES, respectively.
The lack of understanding of some of the items asked in the PHQ-9 was significantly associated with inability to read and write. Also, the data collectors reported that some participants did not understand some of the words (i.e. pleasure) used in the questionnaire. Interestingly, the lowest factor loadings were observed for the two scale items (1 and 8) with the highest percent of individuals who did not understand the items. The influence of low literacy on the accuracy of depression screening instruments has been documented elsewhere (Dickens Akena et al., 2012) and should be taken into account through careful piloting and adaptation when using them in settings like ours where illiteracy rates are high.
Previous studies have highlighted the use of the PHQ-9 in primary care to identify individuals at increased risk of suicide attempt or death (Simon et al., 2013; Uebelacker, German, Gaudiano, & Miller, 2011) . In our study, thoughts of being better off dead or hurting oneself (item 9) were present in 26% of the participants, and those thoughts were present more than half the days in 9% of the participants. This item had the second highest factor loading in our confirmatory factor analysis. Although the PHQ-8, which excludes the self-harm item, has been recommended for community surveys and has been successfully used in primary care settings, given the high prevalence of thoughts of self-harm and its high factor loading in the confirmatory factor analysis, we chose not to exclude this item. Further studies should be conducted to assess the presence, frequency, and intensity of these thoughts, and their causes and potential implications to develop strategies aimed at preventing suicide in these settings.
Brief tools are needed to effectively screen and diagnose patients for depression in primary care settings where demand for services is high and health professionals, including highly trained mental health professionals, are scarce (Kroenke, 1997; Williams, 1998) . In this study, the PHQ-2 and PHQ-9 questionnaires were implemented in the context of an active case-finding activity for depression. Both instruments have shown good case-finding properties compared to patientrated major depression in general medical practice (Olssøn, Mykletun, & Dahl, 2005) . Once the psychometric properties of the PHQ-9 were assessed and its validity for this population was established, we compared the PHQ-2 with the PHQ-9 to determine its validity for screening of depression.
Our study provides strong evidence to support the use of the PHQ-2 to identify individuals who may be at high risk for depression. The PHQ-2 showed high sensitivity and specificity as a screening instrument for a diagnosis of major depression when compared with the PHQ-9. A cutoff of 3 and greater was optimal for the study population maximizing sensitivity (80.0%) and specificity (86.9%). However, selecting an optimal PHQ-2 cutoff should be done cautiously: Selecting a high sensitivity and lower specificity would increase false positive screens, which in turn would potentially lead to increased burden on clinicians and/or cost to the patient, while selecting a lower sensitivity in favor of a higher specificity would contribute to miss depression diagnoses. The sensitivity and specificity of the PHQ-2 in this study population were similar to previous studies in the literature from primary care populations (Arroll et al., 2010; Kroenke et al., 2003; Richardson et al., 2010; Zuithoff et al., 2010) .
The positive likelihood ratio increased as the cutoff increased and was 6.10 for a cutoff of 3 or greater, which means that given a PHQ-2 score of 3 or greater, the individual is 6.10 times more likely to have a PHQ-9 score greater than 9. The positive and negative likelihood ratios are a combination of sensitivity and specificity and are useful for clinicians especially in settings like ours where the true prevalence of depression is unknown (Arroll et al., 2010) .
The PHQ-2 showed good psychometric properties for community-based screening of depression, is easy for care providers to remember the core symptoms it assesses, and is a brief depression screen; therefore, we recommend the use of the PHQ-2 as a screening tool in rural Spanish-speaking settings to improve early detection of depression. Given its good reliability and predictive validity, we recommend using a contextually adapted version of PHQ-9 for further assessment of depression for those patients with a PHQ-2 of 3 or greater, followed by a further diagnostic work-up for those patients with a PHQ-9 greater than 9.
Limitations
Our study has several limitations. First, we conducted the study in only one rural community; however, we believe that our results are likely generalizable to other rural, low literacy Spanish-speaking communities in Mexico. These findings are also likely generalizable to other populations with similar sociodemographic characteristics (i.e., rural, low literate) in Latin American countries; however, it is unknown how these findings would apply to non-Spanishspeaking populations, including those who might speak an indigenous dialect as their first or primary language. Second, we used the PHQ-9 as a gold standard to assess the sensitivity and specificity of the PHQ-2 as a screening instrument for depression. Therefore, if the sensitivity or the specificity of the PHQ-9 is suboptimal, then our analyses related to the sensitivity and specificity of the PHQ-2 may be biased, and a study using a different diagnostic tool from the PHQ-9 would be recommended. Given that some the participants did not understand some of the items in the PHQ-9, we would recommend adapting it to relate to the local context and the literacy level of the population.
Conclusion
Given the large health and social burden of depression and considering the need for brief, structured, reliable, and valid tools to aid primary care providers in assessing patients for depression, both the PHQ-2 and PHQ-9 are useful and valuable instruments for screening and diagnosis of depression in rural, Spanish-speaking populations. However, to reduce the global burden of mental health disorders and improve QOL of patients, the use of these tools should be coupled with expanded access to appropriate mental health and both pharmacological and nonpharmacological interventions that have proven useful for these settings.
